I. Introduction. -In the alloys of the basic types SmCo,, CeCo, and MMCo, (MM = Ce-rich mischmetal), substantial permanent magnet properties can be developed in the massive state by partial substitution of the Co by Cu or Cu + Fe andanappropriate heat treatment [I, 2, 31 . In practice the most desirable condition for these alloys is a ferromagnetic <( RCO, >> matrix (R = rare earth) containing an intragranular precipitate of one or more R-Cu-based phases. Precipitate particles of the proper size and nature can effectively impede domain wall motion and thus cause coercive forces [4, 51 which can reach values of many thousand Oersted in these alloys of extremely high crystal anisotropy.
A pronounced magnetic aftereffect has been observed in these alloys [4, 51 , first by J. J. Becker. After magnetization reversal has been initiated, the induction continues to change strongly even at constant field strength for periods of several minutes.
Precipitation
Hardening of SmCo, . ,CuFe,. , .
-The coercivities of massive samples of the substituted RCo5 alloys are strongly dependent on the heat treatment. On the other hand, the coercivities of fine-grained powders are not significantly affected by the thermal processes.
An arc melted alloy with the nominal composition SrnCo,.,CuFe,., was homogenized at 1 100 OC for 3 hours, then rapidly quenched to room temperature. A very large grained, apparently single-phase microstructure was developed by this process. Specimens of the homogenized alloy were then heated to 374O, 4190, 4730, 525O, or 576 OC for 4 h. Each specimen was then crushed and screened, various particle size fractions separated, and hysteresis loops measured on magnetically oriented samples of these. Selected results for , Hc are shown in Figure 1 .
The coarsest fraction, representing the oriented massive material, shows a pronounced rise of MHc above 4000C, followed by a decrease. We attribute this to precipitation of a second phase which can most effectively impede domain-wall motion after a 473 OC anneal. Since we could not observe discrete precipitate particles with either optical or scanning electron microscopes, we suspect that the precipitate may still be coherent with the matrix. Discrete, oriented particles were observed, however, after heating the alloy to 525 OC and 576 OC (Fig. 2) 111. Aftereffect observations. -The magnetic aftereffect will be discussed using demagnetization curves of samples pressed from oriented 74-105 pm particles of CeCo, ,,CuFe,. , (packing density 40-50 %, tin binder). treatment. The aftereffect is negligible in the upper part where the sample is still almost saturated. In the steep part of the curve, however, B-H drops as much as 1.5 kG, or 50 % of B,, in three minutes. The steady state curve 3 is thus appreciably different from the quick traversal curve 1, and ,HC is lower. Because of the low packing fraction of our sample, the B vs. H curve is almost unaffected. But for a massive sample of this alloy having twice the remanence, ,HC, (BH),,, and, especially, the dynamic behavior would be adversely influenced by the aftereffect. Figure 4 is for the same alloy in the cc homogenized )) state. Here, the aftereffect shows up near the remanence point, and the B vs. H curve is strongly displaced by it. In magnets made from cc pure )> CeCo,, the aftereffect is barely noticeable, as is true of SmCo, and MMCo,. That it is present at all is presumably due to impurity particles such as oxides which also cause some wall coercivity in the massive state. The strong aftereffect of Figure 4 together with the sizeable ,H, value indicates that the quenched alloy contains a submicroscopic c( precipitate B which can interact with Bloch walls. Micrographs of the overaged state show precipitate in the grain boundaries and uniformly throughout the grains, but clear (Cu-depleted) regions near the boundaries. We think that unimpeded wall motion through the latter corresponds to the horizontal portion of the B-H curve (Fig. 3, top) . Along the steep sides of the hysteresis loop, walls have to penetrate the interior of the grains where the uniform precipitate causes a fairly constant wall coercivity. The aftereffect may correspond to a continued creeping of wall sections through regions of locally reduced H,, , under the influence of demagnetizing fields.
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